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pathogenicity of this gastric bacterium and the activity of cytotoxin produced -the subtype s1/m1 and s1 m2 strains produce moderate-to-high level of cytotoxin activity than s2 m2 strains, which produce little or no toxin. [2, 3] Earlier studies done by Atherton et al. reported that mosaicism in vacA regions was significantly associated with in vivo recombination between the alleles, and specific H. pylori vacA genotypes were associated with cytotoxin activity in vitro as well as clinical outcomes. [4] In developing countries like India, H. pylori colonisation is very common with variable outcome of infection which is mostly related to bacterial virulence factors -the cagA and the vacA genes. DNA fingerprinting techniques as well as multilocus sequence analyses have depicted high degree of genetic and allelic diversities of the vacA gene among different strains in different regions, thus regarding this bacterium to be highly heterogeneous. [5, 6] Mukhopadhyay et al., in their DNA sequence analysis studies, revealed high degree of genetic diversity in cagA, vacA and the iceA genes among the strains of Calcutta (East India), East Asia and Western strains. [7] Kauser et al. revealed distinct genetic features in their genomic analysis of virulent genes such as cag PAI, vacA, iceA, babA and oipA on strains isolated from Ladakh, North India. [8] The study of phylogenetic relationship among strains would allow a more detailed understanding of their evolutionary history as well as biology, thus facilitating the implementation of various treatment strategies.
Although some studies on H. pylori in Assam (North-East India) [9, 10] and significant studies on genetic diversity have been done in other parts of India, [7, 8, 11, 12] there is no data regarding the molecular phylogeny and genetic relatedness in strains isolated from Assam. Therefore, our present study focuses on the DNA sequence analysis of the vacA region of this important gastric pathogen to describe the phylogenetic relationship of strains isolated in Dibrugarh district of upper Assam, India.
matErials anD mEtHODs

Study period
The present study was a cross-sectional, hospital-based study conducted from January 2016 to May 2017.
Helicobacter pylori strains and culturing conditions
A total of twenty clinical isolates were obtained from the antral biopsy specimens of randomly selected 100 dyspeptic patients who had been referred for routine upper gastrointestinal endoscopy for suspected gastritis, peptic ulcer disease and gastric carcinoma. Out of 20 strains, four were from chronic gastritis patients, two from duodenitis patients, four from gastric ulcer patients, six from patients with duodenal ulcer and the remaining four were from endoscopically normal patients. Informed written consent was obtained from each patient included in the study prior to sample collection. The study was approved by the Institutional Ethics Committee (Human) of our institution prior to initiation of the work and was carried out according to the guidelines of the Committee.
The gastric biopsy specimens obtained were vortexed at full speed to release the bacteria from the mucosal surface. About 200 µl of the processed tissue sample was spread onto Petri plates containing brain heart infusion (BHI) agar (BD-Difco Laboratories, Detroit, Mich) with 7% sheep blood, IsoVitaleX™ enrichment (BD-Difco) and Dent antibiotic supplement (Oxoid, Basingstoke, Hampshire, England). The plates were incubated at 37°C for 5 days under microaerophilic conditions (Anoxomat, MART Microbiology, B.V., the Netherlands) containing 5% O 2 , 10% CO 2 and 85% N 2 .
Colonies were identified to be H. pylori based on their colony morphology, Gram-stain, positive biochemical tests and a positive ureA polymerase chain reaction (PCR). Pure cultures of H. pylori colonies were transferred to a microcentrifuge tube containing 500 µl phosphate-buffered saline. After centrifugation at 6000 rpm for 5 min, the supernatant was discarded and the pellet was preserved in sterile BHI broth with 15% glycerol at −80°C until extraction of genomic DNA.
DNA extraction of Helicobacter pylori strains
The frozen pellets of the twenty H. pylori cultures were suspended in 600 µl TE buffer (10 mMTris-HCl and 1 mM EDTA). To this, 60 µl of 10% sodium dodecyl sulphate (SDS) and 9 µl proteinase K in the final concentration of 10 mg/ml were added. The mixture was incubated at 55°C for 1 h. To this, 100 µl of 5M NaCl and 80 µl of cetyltrimethyl ammonium bromide solution were added followed by incubation at 65°C for 10 min. The DNA was extracted by standard phenol-chloroform-isoamyl alcohol method. The extracted DNA was stored at −20°C until PCR was done.
Detection of VacA signal sequence (s1 and s2) and mid-region (m1 and m2) alleles by polymerase chain reaction amplification
PCR amplification of vacA signal sequence (s1 and s2) and mid-region (m1 and m2) alleles was done using published sequences of H. pylori-specific oligonucleotide primers VAG-F and VAG-R (5′-CAATCTGTCCAATCAAGCGAG-3′ a n d 5 ′ -G C G T C A A A AT A AT T C C A A G G -3 ′ , respectively) for VacA m1 and m2 and VAI-F and VAI-R (5′-ATGGAAATACAACAAACACAC-3′ and 5′-CTGCTTGAATGCGCCAAAC-3′, respectively) for VacA s1 and s2 to detect a product size of 567/642 for m1/m2 allele and 259/286 for s1/s2 allele. [11] Multiplex PCR assay was carried out at a final volume of 20 µL containing 10-50 ng of genomic DNA, 10 µM of primers, 1.5 mM MgCl 2 , 200 µM (each) deoxynucleotides and 2U Tag polymerase enzyme (all from Sigma Chemicals Co., St. Louis, MO, USA) in a standard PCR buffer. The cycling conditions were as follows: initial denaturation at 96°C for 2 min, followed by 30 cycles of denaturation at 94°C for 30 s, annealing at 55°C for 45 s, extension at 72°C for 1 min and final extension at 72°C for 5 min. In all PCR assays, genomic DNA from H. pylori 26695 and nuclease-free water were used as positive and negative controls, respectively. The PCR products were analysed by 2% agarose gel stained with ethidium bromide and observed under ultraviolet (UV) gel documentation system using 100 bp molecular marker (G-Bioscience, MO, USA).
In all PCR assays, genomic DNA from H. pylori 26,695 and nuclease free water was used as positive and negative control respectively. The PCR products were analysed by 2% agarose gel stained with ethidium bromide and observed under UV gel documentation system using 100 bp molecular marker (G-Bioscience, MO, USA).
DNA sequencing of virulent gene vacA and phylogenetic analysis of Helicobacter pylori strains
Six out of the twenty H. pylori strains (strain numbers 145, 150, 234, 236, 280 and 310) obtained in our study were selected for DNA sequencing and phylogenetic analysis. All the six strains were isolated from patients having different ethnic origin. The clinical conditions associated with these strains are summarised in Table 1 . All the six strains were selected for vacA s1 sequencing and five out of the six (strain nos. 145, 234, 236, 280 and 310) were selected for vacA m1 sequencing (since vacA s1 m1 allelic combination was more prevalent in our study and vacA s2 allele was not prevalent in our study) [ Table 1 ].
To determine the phylogenetic origin of the H. pylori strains as well as their relationship with other strains, the amplified PCR products of the vacA signal sequence and mid-region alleles of these strains were purified and sequenced using the Sanger sequencing method undertaken by an outsourced commercial service (Xcelris sequencing services, Ahmedabad, India). The H. pylori sequences from Dibrugarh were subjected to Basic Local Alignment Search Tool analysis and sequences showing 99%-100% homology were retrieved from the NCBI GenBank in FASTA format. These were then aligned using CLUSTALW in BioEdit Software v. 7.0. [13] The alignment file was tested for best model test in MEGA Software v. 7.0. [14] The parameter with least Bayesian information criterion score were then taken for further analysis. A phylogenetic tree was constructed using neighbour-joining method with Tamura-3 Parameter model in MEGA. [15] The robustness of the tree was checked using bootstrapping for 500 replicates.
Nucleotide distance and mutation analysis
Nucleotide distance or homology analysis was done for H. pylori vacA gene for both s-and m-regions to calculate the extent of nucleotide divergence among H. pylori strains in our study and among strains of other regions present in NCBI database in Kimura-2 parameter [16] in MEGA Software v. 7.0.
The sequences for mutation analysis were aligned in BioEdit Software v. 7.0.
Nucleotide sequence accession numbers
The genome sequences of the strains obtained from our study were deposited in GenBank with the following accession numbers: vacA m1 allele (MF740847-MF740851), vacA m2 allele (MF740852) and vacA s1 allele (MF769235-MF769239).
rEsults
From January 2016 till May 2017, 100 samples were cultured for isolation of H. pylori. Out of the 100 samples, 20 H. pylori isolates were obtained, with the rate of isolation highest during the period of February till May. Out of the twenty strains isolated, vacA gene was present in 19 (95%) strains. Only vacA s1 allele was present in all the 19 strains and vacA m1 was present in 18 out of 19 strains. VacA s1 m1 allelic variant was present in 18 strains including six strains from chronic gastritis patients, four each from gastric ulcer and duodenal ulcer patients, one from duodenitis patients and three were from endoscopically normal patients. Only vacA m2 was present in 1 out of 20 strains. VacA s2 allele was not found in our study. VacA s1 m2 allelic variant was found in a single strain isolated from a patient with duodenal ulcer.
Phylogenetic analysis of VacA s1 and m1 alleles
A molecular phylogenetic analysis of partial DNA sequences of vacA s1 and m1 alleles found in H. pylori strains isolated in our area of study was conducted and the alleles were compared with DNA sequences of strains deposited in NCBI Gene bank from the following geographical regions: Delhi, Kolkata and Mizoram (India); Alaska; Bangladesh and Kazakhstan. Figure 1a shows the phylogenetic tree of vacA s1 sequences of the six strains. Significant diversity was noted with strain numbers 150S, 236S, 280S and 310S, forming a cluster within themselves, whereas strain number 145S was seen included in East Indian cluster formed by Mizoram and Kolkata strains, and strain number 234S was included in a cluster formed by Bangladesh, Kazakhstan and Kolkata strains. Figure 1b shows the phylogenetic tree of the vacA middle region (m1) of five isolates. Comparison of the sequences from Assam with strains present in other geographical regions revealed that strain numbers 145M, 234M and 310M were clustered with Bangladesh strains. Strain number 280S showed significant homology with a strain isolated from Bangladesh. However, an interesting observation seen in the phylogeny of Dibrugarh strains was that strain number 236M, which was isolated from an endoscopically normal patient, was shown as a 
Nucleotide divergence analysis of VacA s1 and m1
The nucleotide divergence of vacA s1 allele between H. pylori isolates isolated from Dibrugarh based on partial gene sequences of vacA gene ranged from 0.016 to 0.056 (i.e., the sequences were close to each other by 94.4%-98.4%). The H. pylori isolates from Dibrugarh diverged at nucleotide level from other close sequences by 0.008-0.065 (93.5%-99.2% homology) [ Figure 2 ].
For vacA m1 allele, the sequences from Dibrugarh diverged from each other with a nucleotide distance ranging from 0.015 to 0.033 (96.7%-98.5% homology), whereas the Dibrugarh strains diverged at VacA gene m1 allele site with other strains ranging from 0.005 to 0.033 (96.7%-99.5% homology) [ Figure 3 ].
Subgroup analysis of vacA s1 allele
The phylogenetic tree consisting of sequences from Dibrugarh and reference sequences of each subtype in vacA s1 allele shows that 5 of 6 sequences belong to vacA s1b type, with one strain belonging to s1a type [ Figure 4a ]. Specific nucleotide changes in each subgroup are shown in Figure 4b .
Substitutions in vacA m1 allele relative to reference sequence
Specific signature substitutions at positions A1824C, A1855G, C1877T, C1900T, G1923A, T1932C, G1962T, G2034A, G2053A, T2103C and T2115C were observed in Dibrugarh vacA m1 allele compared to reference sequence for m1 allele (NCTC 11638) [ Figure 5 ].
DiscussiOn
H. pylori is renowned for its diverse genetic features among various strains, especially the genes responsible for its virulence. Colonisation with H. pylori is very common in developing countries like India and, to our knowledge, the present study on phylogenetic origin of virulent genotypes of this gastric pathogen is the first of its kind in Assam, The bar below the tree denotes rate of substitution per site. The Helicobacter pylori strains from Dibrugarh shown as dark spheres were named as name of bacterium followed by site of isolation which is followed by strain number and gene/allele name. The sequences downloaded from Genbank were named as accession number followed by place of isolation and gene and allele name b a northeastern part of India. H. pylori strains from Assam were studied in order to achieve a better understanding of its genetic structure and identity and to analyse the distinctiveness or diversity of the H. pylori gene pool in this part of India.
In the present study, we have reported the presence of the vacA gene, particularly the s1 m1 allelic variant in 95% (19/20) of the H. pylori strains isolated from Dibrugarh, regardless of the clinical outcome of infection. The vacA s1 m1 allelic variant produces high levels of cytotoxin activity than that of vacA s2 m2. [2, 3] This finding clearly indicated that virulent strains are predominantly circulating in Assam, which favours a high rate of infection risk as well as emergence of more virulent strains of H. pylori. Sequence analysis studies of H. pylori cytotoxic and non-cytotoxic strains conducted in Japan also reported high percentage of vacA s1 m1 allelic variant. [17] The probable explanation for accumulation of vacA s1 m1 strains in our region may be due to more effective adaptation of these strains within the gastric lumen than s1 m2 or s2 m2 strains. This supposition is in accordance to a study conducted in Japan where molecular typing of the vacA gene from cag-positive Japanese strains revealed accumulation of highly homologous s1a/m1 strains regardless of the vacA phenotype or the clinical consequence. They hypothesised that since both gastric cancer and metaplastic atrophic gastritis are widely prevalent in Japan, s1a/m1 strains, which are considered to be more cytotoxic, are more likely to accumulate in the stomach mucosa of Japanese patients than other vacA genotypes. [18] We found that out of the six strains sequenced for vacA signal region s1, four strains (strain numbers 280S, 310S, 150S and 236S) showed uniqueness within themselves since they altogether formed a different cluster from the strains isolated from other geographical regions. These four strains were isolated from patients with varied clinical outcomes, with one out of the four strains (236S) had endoscopically normal gastric mucosa. This implies that the vacA signal sequences of the Dibrugarh strains are highly homologous to one another and might be different from those present in other areas. This finding is in agreement to a phylogenetic study conducted in Japan where clinical strains isolated from Japanese patients formed a different cluster from strains isolated from the Western regions. [17] On the other hand, strain number 234S, despite sharing the same kind of clinical lesion as in strain number 150S in having duodenal ulcer, was included in a separate cluster. The reason behind the clustering of the strains isolated from different clinical lesions and the separation of strain 234S from the Dibrugarh cluster might be due to time lapse of collecting the biopsy samples or may also depend on the geographical area or the environment of the patient, considering the variation of H. pylori genotypes with different geographical regions. [19] Sequencing analysis of the vacA middle region (m) of five strains and comparison with strains prevailing in other geographical regions revealed that four out of five strains (148M, 310M, 234M and 280M) found in our study clustered with Bangladesh strains, implying that the strains share a close homology with Bangladesh. This observation hypothesises that the H. pylori strains circulating in this part of India might have migrated from Bangladesh which is however quite likely considering the adjacency of the two countries and the similar physiological conditions and environments, food habits and host lifestyles. Phylogenetic studies in Bangladesh done on vacA middle region and the cagA gene also revealed Bangladesh H. pylori strains to be more closely related to Indian strains. [20] Mukhopadhyay et al. in their study revealed high rate of genetic diversity among strains of a particular region. [7] Kumar et al. also revealed significant diversity in their phylogenetic analyses of strains isolated from North and South India. [12] In addition, strain number 236M, which was isolated from a patient without any clinical lesions (endoscopically normal gastric mucosa), was shown to be the common ancestor from where most of the strains in the phylogenetic tree have evolved. Most of the strains other than strain 236M were isolated from patients having chronic gastric conditions. This observation is based on an assumption that strain number 236M might have existed as a commensal inside the stomach of the host and is asymptomatically colonising the host, suggestive of a more benign infection.
Sequencing of vacA s1 alleles revealed that five out of the six strains were of s1b type, whereas only one strain was of s1a type and none was of s1c type. This indicates that vacA s1a alleles were more common in strains from Assam than s1b alleles, which is in accordance with vacA genetic diversity studies done by Mukhopadhyay et al. on H. pylori strains from Kolkata. Their study revealed vacA s1a strains to be more common in Calcutta strains, whereas s1c alleles are common in regions other than India. [7] It is a well-established fact that genetic variation is maintained in a population through new mutations and gene flow due to migration between populations. Mutations were mainly insertions or replacements of new nucleotides. In our study, specific signature mutations were observed in all the five vacA m1 strains relative to reference sequence NTCC 11638. Four out of the five strains were from patients with different clinical lesions. Whereas one strain (236M), from an endoscopically normal patient, showed substitutions at the same positions as other strains, suggesting the presence of silent mutations. These substitutions might be important in assessing the relative contributions of secondary infection, recombination and activity of the mutator to the genetic variability obtained.
This study however is limited to small sample size. Analysis of large number of samples would provide a better understanding of possible virulent strains that might exist in this population. Furthermore, the analysis of the findings of the current study was based only on upper gastrointestinal endoscopy and not on histopathology, which could not be done due to less number of samples.
cOnclusiOn
The overall vacA genotypes of H. pylori from Assam, India, bear a maximum resemblance to those of the strains from Bangladesh which is a country nearest to India. The high frequency of accumulation of vacA s1 m1 type among strains of our region, regardless of the clinical outcome and the adaptation and effective persistence of the strains within the changing environment of the host gastric lumen, probably explains the continuous evolutionary mechanism of the virulent genes. This would account for high risk of acquiring infection of this gastric pathogen. Our findings on significant genetic diversity of virulent factors of H. pylori may lead to newer insights and would provide a better understanding of its molecular epidemiology, evolution and pathogenicity and shed significant amount of light on the prediction of clinical consequences and its role in the colonisation of the human gastric mucosa and pathophysiology of disease, thus facilitating the implementation of various treatment strategies.
